Objective: It has been hypothesized that people who typically report experiencing negative emotions are at greater risk for disease and those who typically report positive emotions are at less risk. We tested these hypotheses for host resistance to the common cold. Methods: Three hundred thirty-four healthy volunteers aged 18 to 54 years were assessed for their tendency to experience positive emotions such as happy, pleased, and relaxed; and for negative emotions such as anxious, hostile, and depressed. Subsequently, they were given nasal drops containing one of two rhinoviruses and monitored in quarantine for the development of a common cold (illness in the presence of verified infection). Results: For both viruses, increased positive emotional style (PES) was associated (in a dose-response manner) with lower risk of developing a cold. This relationship was maintained after controlling for prechallenge virus-specific antibody, virus-type, age, sex, education, race, body mass, and season (adjusted relative risk comparing lowest-to-highest tertile ϭ 2.9). Negative emotional style (NES) was not associated with colds and the association of positive style and colds was independent of negative style. Although PES was associated with lower levels of endocrine hormones and better health practices, these differences could not account for different risks for illness. In separate analyses, NES was associated with reporting more unfounded (independent of objective markers of disease) symptoms, and PES with reporting fewer. Conclusions: The tendency to experience positive emotions was associated with greater resistance to objectively verifiable colds. PES was also associated with reporting fewer unfounded symptoms and NES with reporting more.
INTRODUCTION
T he hypothesis that the extent to which an individual typically experience an array of negative emotions contributes to their risk for morbidity has received considerable attention (1, 2) . This negative emotional style (NES; also termed neuroticism or negative affectivity) can include a broad range of aversive moods such as anxiety, hostility, and depression (1) . Current evidence suggests that a more extreme NES is associated with more health complaints, but not with a greater risk for verified diseases (3), including colds and flu (4, 5) . In contrast, there has been little interest in the disease risk for persons with a PES characterized by moods such as happy, pleased, relaxed, and lively.
Positive and negative emotions are not opposite ends of a continuum (6) . They are only modestly correlated (1) and the experience of positive and negative emotions are associated with activation of different areas of the brain (7) . PES may promote health by encouraging health enhancing behaviors (1, 8) , building resources to cope with stress (9) and enhancing regulation of emotion-sensitive biological systems (10) . Consequently, we hypothesized that PES is associated with positive health practices, lower levels of stress hormones and resistance to infectious illness (11, 12) .
METHODS Design
After assessment of emotional styles, demographics, virus-specific antibody levels, endocrine hormone levels, and health practices, volunteers were quarantined in separate rooms, exposed to one of two rhinoviruses, and followed for 5 days to assess infection and signs and symptoms of illness.
Subjects
Data were collected between 1997 and 2001. The subjects were 159 men and 175 women aged 18 to 54 years (means ϭ 28.8, SD ϭ Ϯ10.4) who responded to advertisements and were judged to be in good health. They were studied in 10 groups and were paid $800 for their participation. The Carnegie Mellon University and University of Pittsburgh institutional review boards approved the study and informed consent was obtained from each subject.
Experimental Plan
Volunteers underwent medical screenings and were excluded if they had a history of psychiatric illness, major nasal or otologic surgery, asthma or cardiovascular disorders, or abnormal urinalysis, complete blood count (CBC), or blood enzymes, were pregnant or currently lactating, seropositive for HIV, or on regular medication. Specific serum antibody titer to the challenge virus, demographics and weight and height were assessed at screening. Baseline emotional styles, urine catecholamines, saliva cortisol, and health practices were assessed during the 6 weeks between screening and virus exposure.
During the first 24 hours of quarantine (before viral exposure), volunteers had a nasal examination and a nasal lavage. Baseline symptoms, nasal mucociliary clearance, and nasal mucus production were assessed. Volunteers were excluded at this point if they had signs or symptoms of a cold or if a viral pathogen was isolated from the nasal lavage.
Then, subjects were given nasal drops containing 100 to 300 TCID 50 of one of two types of rhinovirus (RV39 [N ϭ 228] or RV23 [N ϭ 106]). We used two rhinovirus types to establish the generalizability of any observed associations, at least across rhinoviruses. The quarantine continued for 5 additional days. On each day, volunteers reported their respiratory symptoms, were assessed for nasal mucociliary clearance and nasal mucus production, and nasal lavage samples were collected for virus culture. Approximately 28 days after virus exposure, blood was collected for serological testing. The investigators were blinded to all psychological and biological measures.
Emotional Styles
Volunteers were interviewed by phone on three evenings per week for 2 weeks during the month before quarantine and on the first evening (before viral challenge) of quarantine. They were asked how accurately (0 ϭ not at all accurate to 4 ϭ extremely accurate) each of nine positive and nine negative adjectives described how they felt during the last day. The positive adjectives represented three subcategories of positive emotion: vigor (lively, full-of-pep, and energetic), well-being (happy, pleased, and cheerful), and calm (at ease, calm, and relaxed) (13, 14) . The nine negative adjectives represented three subcategories of negative emotion: depression (sad, depressed, and unhappy), anxiety (on edge, nervous, and tense), and hostility (hostile, resentful, and angry) (13, 14) . Daily positive and negative mood scores were calculated by summing the ratings of the nine respective adjectives. The internal reliabilities (Cronbach's ␣) for the seven assessments ranged from 0.89 to 0.93 for positive and from 0.87 to 0.92 for negative scores. To form summary measures of emotional style, daily mood scores were averaged (separately for positive and negative) across the 7 days.
A short questionnaire measure of PES was also administered at screening, 4 to 6 weeks before quarantine. The positive emotions in this questionnaire were the same nine adjectives used in the multiple measurement approach. (Unfortunately, the complete set of negative emotions was not included in this scale.) In this case, instead of rating their emotions during the last day as in the interviews, the subjects rated the extent to which each adjective described how they "usually" are. Items were summed as above to create a PES questionnaire score. The internal reliability (Cronbach's ␣) of the scale was 0.81. This measure correlated r ϭ .49, p Ͻ .001 with the PES measure based on multiple interviews.
Standard Control Variables
In the analyses, we controlled for prechallenge antibody titer (Ͼ4 or Ͻ8), age (18 - 2 ), race [white, other], sex, virus type (RV23 or RV39), month of exposure (March, May, July, September, or December), and education (less than high school graduate, more than high school but less than 2 years college, and more than 2 years college).
Pathways Linking Emotional Style to Susceptibility
Health practices and markers of endocrine function were assessed before virus exposure. Smoking rate was defined as the number of cigarettes smoked in a day. In calculating the average number of alcoholic drinks per day, a bottle or can of beer, glass of wine and shot of whiskey were each treated as a single drink (12, 15) . Exercise was the number of days per week engaged in an activity long enough to work up a sweat, get the heart thumping, or get out of breath (16) multiplied by a rating from 0 (no effort) to 10 (maximum effort) of the associated level of exertion. Assessments of sleep quality included subjective quality, efficiency (percent of time in bed sleeping), and duration (17) . Dietary intake of vitamin C and zinc were assessed by standard questionnaire (18) .
Epinephrine and norepinephrine were assessed in a 24-hour urine sample collected within 2 weeks before entering quarantine and assayed with the use of high-performance liquid chromatography with electrochemical detection (19) . To assess cortisol release 12 saliva samples were collected via salivettes during the first day of quarantine (one sample per hour between 5:45 AM and 4 PM with others collected at 6:30 and 10:30 PM) and assayed using time-resolved immunoassay with fluorometric end point detection (20) . The area under the curve was calculated to measure total free-cortisol release.
Viral Cultures and Antibody Response
The virus-specific neutralizing antibody titer was measured in serum that was collected before and 28 days after virus exposure (21) and the results were expressed as reciprocals of the final dilution of serum. Nasal lavage samples from each day were frozen at Ϫ80°C and later cultured for rhinovirus with the use of standard techniques (21) .
Signs and Symptoms
On each day of quarantine, subjects were asked if they had a cold, and rated on a scale of 0 (none) to 4 (very severe) the severity of eight respiratory symptoms (congestion, runny nose, sneezing, cough, sore throat, malaise, headache, and chills) during the previous 24 hours (22) .
Daily mucus production was assessed by collecting used tissues in sealed plastic bags (23) . The bags were weighed and the weight of the tissues and bags subtracted. Nasal mucociliary clearance function was assessed as the time required for dye administered into the anterior nose to reach the nasopharnyx (23) .
Baseline-adjusted daily scores for each measure were calculated by subtracting the appropriate baseline score from each of the five postexposure daily scores. Negative adjusted scores were reassigned a value of 0. Total scores for symptoms, mucus weight, and nasal clearance were calculated by summing the respective adjusted daily scores over the 5 days.
Infections and Colds
Volunteers were considered to have a clinical cold if they were both infected and met illness criteria. Infection was defined as recovery of the challenge virus on any of the 5 postchallenge days or a Ն4-fold rise in virus-specific serum neutralizing antibody titer (preexposure to 28 days postexposure) (11, 15) . Two illness criteria were used. The objective criterion for illness required a total adjusted mucus weight of at least 10 g or a total adjusted mucociliary nasal clearance time of at least 35 minutes (11) . For those with clinical colds by this criterion, the mean total adjusted respiratory symptom score was 20.87 (SD ϭ Ϯ18.21) vs. 7.5 (SD ϭ Ϯ9.96) for those without colds (t(332)ϭ Ϫ8.46, p Ͻ .001). The subjective criterion required a total adjusted symptom score Ն6 in addition to either reporting a cold or reporting rhinorrhea on 3 or more days of the trial (24) .
Statistical Analyses
Scores for PES and NES, body mass, total symptoms, mucus weight, mucociliary clearance, cortisol, epinephrine, norepinephrine, cigarettes/d, alcoholic drinks/d, zinc, and vitamin C intake were log transformed (base 10) to better approximate a normal distribution. Stepwise logistic regression was used to predict the binary outcome, presence/absence of a cold (25) and multiple linear regressions to predict continuous outcomes (26) . Initially, PES and NES were treated as continuous variables. There, the regression coefficient, its standard error and probability level are reported. To provide an estimate of relative risk, we also present odds ratios (OR) and 95% confidence intervals (CI) for emotional style scales categorized by tertile.
To determine whether the association between emotional style measures (entered alone in the second step) and susceptibility to colds was substantially modified after controlling for the other variables, these were added sequentially to the first step of the regression analyses. Interaction terms were entered in a third step.
RESULTS
In the primary analyses reported here, we used the multiple interview measures of PES and NES. We tested the associations of colds with PES and NES in separate equations that included standard controls. Increases in PES were associated in a dose-response manner with decreases in the rate of clinical colds whether defined as infection and objective (b ϭ Ϫ.48 Figure 1 ) illness criteria. NES was not associated with the incidence of clinical colds defined by either criterion (Figure 2 ).
There were no interactions between standard control variables and PES in predicting clinical colds defined by either criterion. Hence, reported associations were similar across preexposure antibody levels, age, race, sex, education, body mass, season, and virus type (see Table 1 for breakdown by virus and antibody level).
To assess whether the association of PES and cold incidence was independent of any association with NES, we reran the equations reported above entering both PES and NES into the same equation. In all cases, adding NES did not alter the associations between PES and colds (all P values Յ .03). Finally, we added the interaction between these styles to the equations. In no case did the interaction term approach significance.
To test whether our results were attributable to single components of emotional style (vs. the multidimensional representation tested above), we calculated the average response over the 7 interviews for each of the adjective subscales (vigor, well being, and calm for PES; depression, anxiety, and hostility for NES). Greater vigor (p Ͻ .02) and well-being (p Ͻ .01) were associated with fewer objective colds. There was a similar but nonsignificant (p Ͻ .14) association with calm. None of the NES subscales was associated with colds (P values Ͼ .50).
Because our definition of clinical colds combines infection with illness, the observed association between PES and clinical colds could have resulted from a decreased risk for infection and/or a decreased expression of illness among infected persons. However, PES was not associated with infection rates, but was associated with decreased rates of clinical colds among infected subjects ( Health practices and endocrine measures were assessed as possible pathways linking PES to illness. Here, we report only analyses using the objective criterion but results are similar for the subjective criterion. PES was associated with better sleep quality (p Ͻ .001), sleep efficiency (p Ͻ .02), more dietary zinc (p Ͻ .01), more exercise (p Ͻ .01), and lower levels of epinephrine (p Ͻ .04), norepinephrine (p Ͻ .05) and cortisol (p Ͻ .06). Of these, none was significantly associated with colds, but there were marginal (p Ͻ . We also tested whether the simple questionnaire measure of PES administered at screening was associated with later susceptibility to illness. Although the effect sizes were attenuated, like the multiple interview measure, the questionnairebased measure of PES was associated with greater risk for both objectively (b ϭ Ϫ0. Finally, although NES was not associated with verified illness, we wanted to assess whether it would be associated with more "unfounded" health complaints. To do this, we predicted total adjusted self-reported symptoms from NES. This equation also included standard control variables, as well (infection ϩ illness) colds using objective and subjective criteria for illness. Fig. 2 . Negative emotional style (by interviews) and incidence of clinical (infection ϩ illness) colds using objective and subjective criteria for illness.
as the objective markers of disease-infection status, total adjusted mucus weights, and total adjusted mucociliary clearance. NES was associated with more reported symptoms of respiratory illness after removing possible contributions of objectively defined disease (see Figure 3 ; b ϭ 0.12 [Ϯ.06], p Ͻ .05). Although PES was associated with verified illness in this study, it was possible that it might be associated with the extent of "unfounded" health complaints as well. Using the same statistical model (replacing NES with PES), we found that PES was associated with reporting fewer symptoms (see Figure 4 ; b ϭ .07 [.03], p Ͻ .04) that were not explicable in terms of objective disease. When both PES and NES were entered into the same equation, neither was significant indicating overlapping variance in predicting symptoms.
DISCUSSION
Increases in PES were associated linearly with decreasing verified illness rates. This was true for both illness criteria and after controlling for prechallenge antibody level, demographics, body mass, season, and virus type. The similarity of the association across the two viruses suggests a biological generality for the effect. In contrast, our observation that NES did not predict verified colds but instead predicted greater reporting of unfounded symptoms is consistent with the existing literature (2-5). Interestingly, we also found that PES predicted less reporting of symptoms than predicted by objective markers of disease.
Emotional Style and Verified Disease
Each of the PES component subscales (vigor, calm, and well-being) showed the same associations verified disease as the total PES, while none of the NES subscales (anxiety, depression, and anger) was associated with colds. This suggests that the association of PES and colds reflects the role of positive emotionality as opposed to that of any specific positive emotion. Importantly, both the PES and NES measures included subscales of activated (anxiety and anger for NES; vigor and well being for PES) and unactivated (depression for NES and calm for PES) emotions (27) .
Even though PES and NES were correlated (r ϭ Ϫ48, p Ͻ .001), the association of PES with susceptibility to colds was independent of NES. While PES may be beneficial because it lessens or ameliorates the effects of negative moods, we found no support (no interaction between NES and PES) for that hypothesis.
Why can we not explain the association of PES and verified colds in terms of health practices or endocrine variables? PES was associated with better health practices and lower levels of catecholamines and cortisol, but none of these (alone or together) accounted for the PES association with colds. Few of the proposed mediators themselves predicted susceptibility to colds in this study. This is puzzling because several were predictive in previous studies (11) . However, a lower rate of illness than we expected (usually 37% for objective criterion) may have resulted in insufficient power for detecting these effects. Even so, one would expect that the effect sizes of putative mediators would be at least as great as that of PES. Improved measurement reliability and greater sensitivity to mediator complexity and dynamics may be the solution. Multiple daily assessments of mediators (many which fluctuate in response to acute situations) would provide more reliable assessments. Moreover, assessments representing multiple views of the relevant endocrine systems (eg, shape of diurnal rhythms, stress reactivity, and receptor status) may tap important aspects of the regulatory response not represented by hormone concentrations alone.
The fact that PES was not associated with infection but was associated with the expression of signs and symptoms of illness among infected people suggests that the release or synthesis of inflammatory mediators such as proinflammatory cytokines, histamine, or bradykinins responsible for the signs and symptoms of illness may mediate the relation between PES and colds. The release of proinflammatory cytokines in response to infection is thought to be modulated by glucocorticoids, thus providing a hypothetical pathway by which psychosocial factors (via their influence on cortisol production) could control cytokine release (28) . In addition, proinflammatory cytokines trigger further release of glucocorticoids, possibly exacerbating responses to psychosocial factors by positive feedback modulation. Our finding that PES was associated with cortisol levels is consistent with the possibility that proinflammatory cytokines mediate the PES-cold relation. However, this argument is weakened by the fact that cortisol levels themselves do not operate as mediating pathways.
There are two other interpretations for our failure to identify mediating factors. First, perhaps the prediction that health behaviors and endocrine responses are primary mediators is wrong. For example, positive emotions might have their influence through biological processes (eg, release of oxytocin) (29) that are different than those associated with negative emotions and stress. Second, although we controlled for demographics and other explanatory factors, it is possible that a factor(s) not assessed (eg, genetic factor, other personality characteristics) could account for both higher PES and host resistance.
It has been estimated that common colds occur at rates of 2 to 5 per person per year in adults, although in school children the incidence is more likely to be in the range of 7 to 10 colds per year (30) . The data reported here suggest the possibility of developing risk profiles as well as considering the efficacy of implementing programs to enhance positive emotion to reduce risk. Depression screening instruments are commonly used in risk profiles administered in many health care settings. In evaluating these profiles, clinicians might pay attention to the positive items used in these screens (eg, "how happy are you?") in addition to the profile total score. In fact, the positive items on the Center for Epidemiological Studies of Depression Scale were already shown to predict incidence of stroke (31) . Simple screening measures of PES (such as the ratings of how one "usually is" that were employed in our study) might also be useful. The accuracy of any of these screening techniques will increase if the same instrument is given at two or more office visits and the scores averaged across time.
Emotional Styles and Unfounded Symptoms
Although NES was not associated with risk for illness, it was associated with reporting symptoms after controlling for objective indicators of illness. There are several theories about why NES is related to unverified health complaints (4, 5) , but a likely explanation is that those experiencing negative emotions interpret ambiguous physical sensations in a negative light, ie, as symptoms (32) . This tendency would be exacerbated in a context in which subjects already know they will be receiving a cold virus. That the affective tone is the key to interpreting physical sensations is supported by the new finding here that PES is associated with reporting fewer symptoms than expected given objective markers of disease. In this case, higher PES might result in more positive interpretations of ambiguous sensations. The fact that NES and PES associations with symptoms overlap raises the question of whether the existing literature on NES and symptoms reporting might actually be explicable in terms of PES.
CONCLUSIONS
In summary, we found that the tendency to experience positive emotions was associated with greater resistance to developing a common cold. However, this association was not mediated by either the assessed health practices or stressrelated hormones. Interestingly, PES was associated with better health practices and lower basal levels of epinephrine, norepinephrine and cortisol. To the extent that these proposed pathways are risk factors for other diseases, it is possible that PES will be associated with lower risk for those diseases as well. Finally, we found that PES was also associated with reporting more and NES associated with reporting fewer selfreported symptoms after removing the possible contributions of the actual disease. This indicates that both of these emotional styles are associated with biases in interpreting our physical sensations.
